ABSTRACT :This study aimed to evaluate the effect of dietary supplementing date palm pollen (DPP) and it's aqueous extract (DPPE) on Fayoumi cocks growth performance, antioxidant status, immune response, meat quality and economical efficiency. A total number of 180 -day old cocks, were divided to 6 groups, each had 30 chicks in 3 replicates. The 1 st group was fed a basal diet (Control group), 2 nd group was fed the basal diet supplemented with 0.0125% Butylated hydroxytoluene (BHT), 3 rd and 4 th groups were fed the basal diet supplemented with 0.1% and 0.3% DPP, respectively and 5 th and 6 th groups were fed the basal diet supplemented with 0.1% and 0.3% DPPE, respectively. The growth trail lasted for 12 weeks of age. The results obtained reveal that chicks fed either 0.1% DPP (T3) or 0.1% DPPE (T5) recorded an improvement in final live weight by 4.93% and 2.88% as well as enhancing feed conversion ratio during overall period (1-12 wks) by 6.94% and 2.02% respectively compared to control. While, Newcastle disease virus titer did not affected significantly by any supplementation studied. Chicks fed dietary 0.0125% BHT, 0.1% DPP and 0.1% DPPE recorded significantly lower serum total cholesterol compared to control group. All groups recorded a significant decline in MDA values in chicks' tissue in relative to control. In opposite, total antioxidant capacity in tissue was increased significantly by 5.05% and 7.03% in T3 and T5, respectively relative to the control. Chicks fed 0.0125% BHT, 0.1% DPP and 0.1% DPPE achieved significantly higher hemoglobin values compared to control. Finally, two groups of T3 (0.1% DPP) and T5 (0.1% DPPE) recorded the highest economical return being (118.8%) and (102.15%), respectively compared to control. Conclusion: supplementing Fayoumi cocks diet with either 0.1% DPP or DPPE could enhance performance, antioxidant status, meat quality as well as increasing economical profit.
INTRODUCTION
Egypt is an agro-based developing country and livestock especially poultry production considered a great role as a major supply of meat and basis of income. Chicken production also used for poverty alleviation and efficient transforming feed protein and energy into consumable human diets (Tesfa et al., 2013) . Fayoumi chicken is a pure Egyptian strain, which known global by its high immunity, with a small sized bird, has low carcass yield and hence low economic return (Rajput et al., 2005) . There are many factors may be responsible for the poor production of local strains, one of them is oxidative stress. This stress influence livestock production, by making many health problems as a result of biological damage occurred at the level of cell (Yang et al., 2013; Sharma et al., 2011) . Likewise, lipid oxidation increase post-mortem rancidity in meat and its products (Morrissey et al., 1998) . In this respect, Lin et al. (2016) showed that supplementing synthetic antioxidants to poultry enhance their health, growth performance and meat quality, but its side effects make their uses is limited. So, nowadays a growing concern has been encouraging to use natural antioxidants in poultry nutrition fields (Alloui et al., 2014) . Male gametophyte of the date palm (Phoenix dactylifera L.) is known as date palm pollens (DPP). Also, its extract was showed to have a strong antibacterial (Saddiq and Bawazir 2010), anti-fungal (Shraideh et al. 1998) , antiparasitic (Metwaly et al. 2012a) , antiviral (Jassim and Naji 2010), antioxidants (Al-Farsi et al., 2005) anti-coccidial activity and antiapoptotic agent (Metwaly et al., 2014) and have hepatoprotective activities (AlQarawi et al. 2004; Saafi et al. 2011; Metwaly et al. 2012b) . Approximately, 1000 tons of DPP are produced every year by millions of palm trees grown in the Arabian region (El-Neweshy et al., 2013) . By analyzing the DPP, Hassan (2011) showed that it contains 28.80% moisture, 4.57% ash, 1.37% crude fiber, 20.74% crude fat, 31.11% crude protein and 13.41% carbohydrate. Also, it contains considerable amount of total phenol (57.9 mg/g) as reported by Farouk et al. (2015) . These polyphenolic components (such as flavonoids) have strong antioxidant properties which benefits the body. Few researchers studied the effect of DPP as an antioxidant in poultry industry, in this respect, Canogullari et al. (2009) studied the effect of supplementing pollen at level of 0, 5, 10, 20g/kg diet, to Japanese quail diet and concluded that birds fed 20 g pollen/kg diet achieved significantly higher body weight gain during 1-28 days of age. Also, Iftikhar et al. (2014) concluded that aqueous extract of DPP in rate of 120 mg/kg/ day for a period of 18 or 35 days, improved body weight in male rats. Moreover, Nady et al. (2014) reported that oral administration (1mg DPP/kg body weight) for 14 days simultaneously or post the exposure to incense smoke revealed a significant improve in spleen weight and decrease in malodialdehyde (MDA) as compared to that of incense group of mice. The available literature ascertain there is a scarcity on data showing the promising effect of date palm pollen as natural antioxidant and immune enhancer on poultry performance. So, the present work aimed at studying the effect of supplementing Fayoumi chicken diets with various levels of DPP or its extract on growth performance, immunological parameters and meat quality.
MATERIALS AND METHODS
The experimental work of the present study was carried out at El-Fayoum Poultry Research Station, Animal Production Research Institute, Egypt. Collection and extraction of date palm pollen (DPP): The DPP sample was obtained from a local herbal market in Al-Fayoum Governorate, Egypt. Water suspension of DPP was freshly prepared according to Bahmanpour et al. (2006) by adding 5 grams of DPP within 28.5 ml of distillated water, with dynamic shaking and kept at 60
• C for 90 minutes in a water bath. Then set aside in refrigerator at 3
• C overnight, subsequently, centrifuged at 2,500 rpm for 10 minutes. The clear supernatant was mixed into diets. Experimental design and diets: One -hundred and eighty, day-old Fayoumi cocks were distributed to 6 groups of 30 birds of 3 replicates (10 chicks each). Chicks in the first group were fed the basal diet and served as control group (T1), the second group was fed the basal diet supplemented 0.0125 % butylated hydroxytoluene; BHT (T2) , while, third and fourth groups were fed the basal diet supplemented with 0.1% and 0.3% date palm pollen (DPP) as T3 and T4, respectively. Fifth and sixth groups were fed the basal diet supplemented with 0.1% and 0.3% as date palm pollen extract (DPPE) as T5 and T6, respectively. Chicks were fed isocaloric (2750 and 2900 kcal/kg diet) and iso-nitrogenous (17% and 15% CP) diets during starter-grower period (1-8 wks) and finisher period (8-12 wks), respectively. Birds received feed and water ad libitum.
All diets were formulated to save the nutritional requirements of Fayoumi chickens Table 2 Table 3 . At the end of starter-grower period (8 wks) chicks fed either control diet or 0.1% DPP recorded insignificantly higher body weight values compared to those fed diet with 0.0125% BHT. Whereas, the worst value was recorded for chicks fed dietary 0.3% DPP. At finisher period (12 wks), chicks fed 0.1% date palm pollen as powder or aqueous extract form recorded the best final body weight without significant differences between them. The improvement was 4.93% and 2.88% for T3 (fed 0.1% DPP) and T5 (fed 0.1% DPPE), respectively compared to control group. According to body weight gain values, chicks fed control diet, 0.1% DPP and 0.0125% BHT recorded insignificantly higher weight gain compared to other groups during 1-8 wks of age. While, during 9-12 wks all groups fed date pollen supplemented diet at different forms and levels achieved an improvement in weight gain comparing to control group or others supplemented with BHT. During overall period (1-12 wks), the two groups fed lower level of date pollen (0.1%) either at powder or aqueous extract form recorded the best values of body weight gain. The enhancement in these groups was 4.85% and 2.87%, respectively compared to control group. The improvement in growth performance as a result of feeding DPP may be due to enhancement of digestion enzymes as well as increase the intestinal absorption of nutrients (Salami et al., 2015) . However, a high dose of antioxidant (0.3% DPP), may have adverse effect on performance of chicks. In this respect, Chen et al. (2016) studied the effect of supplementing geese diet with 150, 300 and 450 mg alfalfa flavonoids/kg diet and concluded that 300 mg flavonoid/kg diet achieved significantly the best final weight whereas this improvement disappear in the highest level (450 mg flavonoids). These findings are supported by Skibola and Smith (2000) who documented that higher rates of flavonoids may appear mutagens; in turn it acts as pro-oxidants that produce free radicals, also inhibit some enzymes involved in hormone metabolism. In this context, Shanoon et al. (2015) reported that laying hens fed high DPP levels (0, 6, 8 and 10 g/kg diet) showed a significant decrease in body weight. While, Paraskeuas et al., (2017) concluded that increasing phytogenic level (0, 100 and 150 mg/kg diet) in Cobb ration increased live body weight gain. In addition, the results agree with the finding of Jang et al. (2006) who reported that supplementing plant extracts to broilers diet, stimulate the gastrointestinal enzyme activity. Also, Biavatti et al. (2003) showed an improvement of broilers growth performance from 14 to 21 days as a consequence of adding their diets with Alternanthera brasiliana extracts at level of 180 ml/200 kg feed. In addition, Ouyang et al. (2013) and Xie et al. (2002) reported that inclusion of flavonoids could improve the chicken's growth performances. The explanation for the growth promotion of either DPP or DPPE supplemented diet, may be that they include flavones which could upregulate the mixture of growth hormone and hepatic growth hormone receptor which stimulate the insulin-like growth factor 1, hence promotes the growth of animal Ouyang et al. (2016) . Besides that, muscles protein is enhanced by feeding iso-flavone and induces the growth (Kamboh and Zhu 2013). Results illustrated in Table 4 show that feed intake of all groups during all growth periods did not affect significantly by the addition of BHT or various levels of DPP or its extract. The results are in line with Batista et al. (2007) who reported that feed intake of broilers did not affect by flavonoid addition (rutine, hesperidine, quercetine and naringine) . On the other hand, chicks fed 0.3% DPP/kg diet recorded significantly the worst FCR during 1-8 wks comparing to other treatments but without significant differences to group fed dietary 0.3% DPPE. While, during 9-12wks, all groups fed date palm pollen either as powder or aqueous extract form recorded better FCR comparing to control group or others fed BHT supplemented group. Feed conversion values during 1-12 wks of age were improved in groups fed dietary 0.1% DPP or 0.1% DPPE without significant differences between them. The enhancement was 6.94% and 2.02% in these two groups respectively comparing to control group. This result is in accordance with Shanoon et al. (2015) who concluded that feed conversion of laying hens was significantly improved in DPP supplemented diet. Hassan et al. (2015) found that phytogenic extract (150 mg artichoke extract/kg diet; as a source of flavonoids) had significantly better feed conversion ratio during all growth periods of broiler chicks comparing to dietary organic acids or control group. Carcass characteristics: Effect of different treatments on carcass characteristics is listed in Table 5 . Chicks fed 0.1%DPP/kg diet (T3) achieved significantly the best carcass % (69.52%) followed by group fed 0.1% DPPE/ kg diet (T5) being 68.79%. While, the lowest values were recorded for control group, T4 and T6 without significant differences between them. The enhancement in T3 and T5 comparing to control is 9.83% and 8.67%, respectively. The results agree with the previous result of Ouyang et al. (2016) et al. (2007) who concluded that supplementation of flavonoids to broilers diet did not affect carcass and parts yields. On the other hand, no treatment effect was observed on liver %, heart%, gizzard% and geblits %. In this connection, Canogullari et al. (2009) who reported that there were no significant differences in liver, gizzard and heart weight % in quails fed various levels (0, 5, 10 and 20 g/kg diet) of pollen. Immunological parameters: Lymphoid organs and NDV titer as affected by various treatments are presented in Table  6 . Chicks fed either 0.1% DPP/kg diet (T3) and 0.1% DPPE/kg diet (T5) recorded higher percentage of bursa comparing to control group. While, thymus % and spleen % did not affected significantly by treatments. Furthermore, neither synthetic antioxidant (BHT) nor natural antioxidant (DPP and DPPE) affect the Newcastle disease virus titer in compared to control group. The result disagree with Hassan et al. (2015) who concluded that antibody response were improved by adding phytogenic (artichoke) in diet when broilers were reared under heat stress condition. None significant differences in antibody titer against NDV could be due to body weight enhancement observed in Table ( 3) and this explained by Tajodini et al. (2014) who postulated that negative effect on growth performance as a result of immune-stimulation, because more nutrients are controlled towards developing immune organs, thereby lowering the total nutrients available for growth. Blood constitute: Impact of different treatments on serum lipid profile, total protein and their fractions are presented in Table 7 . Chicks fed control diet recorded significantly the highest value of triglyceride comparing to other treatments.
Whereas, serum total cholesterol values were (P<0.05) reduced in chicks fed dietary 0.0125% BHT, 0.1% DPP and 0.1% DPPE compared to control group. The reduction was 4.26%, 3.63% and 4.88%, respectively. The decline in this component may be due to that bioflavonoids could decrease cholesterol synthesis by delaying Acyl-CoA Cholesterol Transferase (ACAT) activity in HepG2 cells (Borradaile et al. 1999) , which reduce the hepatic production of apo-B containing lipoproteins, thereby reducing the serum LDL concentration (Burnett et al. 1998) . Also, the results confirming the previous conclusion of Ouyang et al., (2016) who reported that TC was decreased by supplementing broilers diet with 15 mg flavonoids. Chicks fed dietary 0.1% DPP and 0.1% DPPE recorded significantly higher HDL values (100.8 and 102 mg/dl) compared to the other groups. While, control group, T4 (0.3% DPP) and T6 (0.3% DPPE) recorded significantly the highest LDL value (64.5, 63.3 and 64.5 mg/dl, respectively) compared to other groups. In this respect, Ouyang et al., (2016) found that addition of 15 mg flavonoids in broilers diet could significantly reduce LDL level while, increase HDL value compared to control group. The group of chicks fed 0.1% DPP and 0.1% DPPE recorded significantly higher serum total protein and globulin values relative to un-supplemented group and other treatments. On the other hand, these two groups (T3 and T5) recorded significantly lower A/G ratio by 20.51% and 23.08% respectively comparing to control group. The increase in serum globulin content may be due to the immune stimulant effect of DPP or its extract. Moreover, these findings suggest improved rate of growth as reported in Table ( 3) and immunity in Fayoumi cocks. The results are in agreement with those Elagib et al. (2012) who treated broiler diets with cinnamon, cumin, fenugreek and ginger as natural feed antioxidant having flavonoids as a main component, and concluded that the total proteins and globulins was increased, while, albumin still unaffected and this impact lowered A/G ratio. Meat quality: Results of the effect of studied treatments on meat quality are presented in Table 8 . Total protein in cocks' tissues did not influenced by dietary treatments. While, control group, T4 (0.3% DPP/kg diet) and T6 (0.3% DPPE/ kg diet) recorded significantly the highest tissue total lipid comparing to T2, T3 and T5. And this result confirms the previous findings observed in Table (7) which total cholesterol was reduced in these groups hence reflected in chicks' tissues. Whereas, T3 (0.1% DPP/kg diet), T5 (0.1% DPPE/kg diet) significantly increased TAOC values by 5.05% and 7.03% respectively relative to the control group. As a result of increasing TAOC in tissues the lipid peroxidation decreased. (2014) Economical efficiency: Impact of various levels of date palm pollen and its extract in relative to synthetic antioxidant (BHT) and control group is illustrated in Table 10 . It is worthy to note that cocks fed dietary 0.1% DPP/kg diet recorded the highest profit (118.8%) followed by those fed 0.1% DPPE/ kg diet being (102.15%) comparing to control and other treatments. In this respect Scheuermann et al. (2009) used 150 ppm phytogenic product (mixture of essential oil, capsaicin and saponin) in cobb broiler diets and concluded that this mixture of dietary phytogenic product gave economical advantage comparing to control group. Also, Hassan et al. (2015) indicated that artichoke extract supplementation decrease the relative cost per unit of body weight and thus increase profitability from broiler production. Overall, this study provides evidence for the beneficial role of DPP as a natural antioxidant in local cocks growth performance that needs to be further confirmed in field studies. Determined total flavonoids (mg/100g) 200.18 *According to Hassan (2011) , ** according to Farouk et al., (2015) 1 The price was calculated due to the local market the price of one Kg of DPP (60 LE), DPPE (65 LE), BHT (95 LE) and price of one Kg live weight was 25 LE. 2 Net revenue= total revenue per chick -total feed cost. 3 Economic efficiency (%) = net revenue/ total feed coast *100. 4 Relative economic efficiency of the control, assuming that the relative E1 of the control =100 
